The aim of our study is to isolate, purify and characterize two entomopathogenic bacterial strains of the genus Bacillus from the soil of Adrar in the Algerian Sahara. The molecular characterization of the isolated strains was carried out by DNA isolation, PCR and sequencing of 16S rRNA gene, followed by a phylogenetic analysis. After that, the study of the bacteria toxicity on the fifth larvae stage of Locusta migratoria was conducted by assessing rates of mortality, LT 50 and LC 50 . The phylogenetic analysis showed that the two strains (Strain-B1 and Strain -B2) were identified as Bacillus sp. (HE799656) and Bacillus sp. (HE805963), respectively, with a very high similarity (99%) with the strains Bacillus thuringiensis (NR_043403) and Bacillus weihenstephanensis (NR_024697). Besides, the results of toxicity tests showed that larvae of L. migratoria are influenced by the two isolated bacterial strains. This action is more pronounced with the Bacillus sp. strain-B1 (HE799656) compared to Bacillus sp. strain-B2 (HE805963). Examination of TL 50 shows that these times vary depending on the bacteria and concentrations applied. Similarly, the LC 50 are closely related with time and they also vary depending on the bacterial strain tested.
INTRODUCTION
Among the locusts' enemies of Sahelian cultures, the migratory locust Locusta migratoria (Linnaeus, 1758) (Orthoptera, Acrididae) is the major pest invasion period. The damage is mainly limited to grass, increasing the risk of social erosion and poverty (Zakaria et al., 2003) . The migratory locust occupies a very large geographical extension. Many subspecies have been described mainly in Africa, Madagascar, Oriental Asia, Australia and Mediterranean regions (Duranton et al., 1982 ).
Locust remains a major concern in the strategies of crop protection (Zakaria et al., 2003) . However, current methods of control using insecticides are very effective in the desert but also harmful to many other animal species biotope and the environment. In this context, the use of insect microorganisms with insecticidal effects offers some potential (Joung & Cote , 2000) .
It is in this concept that this work falls. It aims to isolate bacterial strains belonging to Bacillaceae group, of the same biotope as the locust's, to assess their biological impacts on the later by determining the rate of mortality and calculating LC 50 and LT 50
MATERIAL AND METHODS

Soil sampling
Sampling was achieved from soil cultivated in the region of Adrar in the Algerian Sahara soil in September 2013. Samples were taken at the rhizosphere layer.
Isolation, identification and characterization of bacterial strains Different soil samples are separately dried, screened and finely ground. Of each sample was weighed 10 g to suspend in 90 ml of sterile physiological saline water, whilst stirring. Thereafter every suspension undergoes a series of decimal dilutions (10-1 to 10-5) (Guiraud, 2003) . The purity is checked after each passage by microscopic examination of a smear stained with blue methylene and having undergone a Gram. The identification of purified isolates has been subject of a multiphase study, comprising a macroscopic, macroscopic, physiological, biochemical and molecular study of characters.
Molecular identification
DNA extraction, PCR and sequencing of 16S RNA Extraction of DNA was performed as described by Ausubel et al. (1988) . The extracted DNA is electrophoresed on agarose gel at 1% for 30 minutes under an electric current of 100V. The DNA was subsequently recovered from the agarose gel and purified using the Jetsorb extraction gel kit (Genomic DNA purification system-PROM, EGA).
The purified DNA is amplified by a Hot Start PCR (94 ° C) using specific primers eubacterial 16S rDNA primers (forward primer 5'AGAGTTTGATCCTGGCTCAG3' (Escherichia coli positions 8-27) and reverse primer 5'ACGGCTACCTTGTTACGACTT3' (E. coli positions 1494-1513) (Weisburg et al 1991) . Each 50 μl reaction volume is composed of 2μl of PCR buffer, 0.5 mM of each primer, 1.5 mM MgCl2, 50 mM of each deoxynucleoside triphosphate and 1 μl of Taq polymerase.
The samples analyzed are deposited into the wells of 50 μl PCR plates, installed in a thermocycler type Mastercycler Personal (Eppendorf, Germany). The following program was used: 95 °C for 1 min, followed by 40 cycles of denaturation (1 min at 95 °C), annealing (1 min at 55 °C) and polymerization (2 minutes at 72 °C) for 5 min.
The amplification products are purified using the PCR DNA GFXTM Kit and Gel B and Purification Kit (Amersham Biosciences) then cloned into a vector based on the instructions of manufacturer's instruction (INST / AcloneTM PCR Product Cloning Kit, MBI Fermentas). Transformed clones were selected on LB medium containing ampicillin (100 mcg / ml) and X-gal (80 mcg / ml).
Phylogenetic analysis
The 16S rRNA gene sequences obtained after sequencing were subjected to a similarity search of sequences deposited in the Genbank database (on the NCBI National Center for Biotechnology Information website) using the BLAST program. The multiple sequence alignment was performed by CLUSTALW 1.8 (Thompson et al., 1994 ). The sequence homology was then evaluated and the phylogenetic tree was created by neighbor joining method (Saitou & Nei, 1987) using the MEGA 5 software (Tamura et al., 2011) . The confidence levels of the topology of the phylogenetic tree obtained were estimated by the analysis of data resampling methods (bootstrap) with 1000 replications.
Evaluation of the toxicity of the bacteria on larvae L 5 of Locusta migratoria
Source of locusts
The study is performed on L5 larva of the species Locusta migratoria. These are captured in the desert of Algeria and put into mass breeding in the laboratory.
Preparation of bacterial suspensions and application of biological treatments
To highlight their entomopathogenic power towards the migratory locust, we have initially conducted the preparation of the mother-solutions. Successive dilutions are then prepared to 10 -4 dilution. For the application of biological tests, 48 hours old larvae are treated after fasting for 24 hours orally (OulebsirMohandKaci, 2012) .
Calculation of mortality percentages
The percentage of mortality observed in the control and treated larvae is calculated using the following formula:
Observed mortality = (Number of dead individuals / Total number of individuals) X 100
Calculation of LC 50 and LT 50 Before calculating the TL 50 , the percentage of observed mortality is corrected relative to the control in the form of ABBOT (1925) .
To calculate the LC 50 (concentration needed to kill half of a population) for each bacterium, we have transformed the concentrations used in logarithms and mortality percentages for corrected probits by using the table probit. The LC 50 is determined from the equation of the regression line.
Statistical analysis
To confirm the effectiveness of the biological treatment performed, the results are subject to the test analysis of variance. We have applied the Tuckey.
The software used is the XLSTAT.and clusters kept in Falcon tubes were placed inside the containers covered with transparent plastic bags and incubated in the greenhouse at 20-25°C. Bags were removed after 48 h and symptoms were monitored daily for a week. Two fungal isolates which causes different disease severity on detached leaves was tested on clusters of Tombul hazelnut cultivar. Reisolations were performed.
RESULTS AND DISCUSSION Physiological and biochemical characterization of bacterial isolates
The multiphase study, being initiated by exploring the macroscopic appearance of bacterial cultures grown on nutrient agar, has shown that isolates carrying the B1 and B2 codes provide well-isolated colonies, broad, smooth, flat, circulars, cream color with irregular edges. Observation under the light microscope of fresh cells and after simple staining with methylene blue and Gram stain, has shown that the two strains are Gram positive and are long stick shaped with square end. Alongside the microscopic study, malachite green staining revealed that both isolates have a spore form. The spore has an oval shape nondeforming center position. Moreover, isolates B1 and B2 have shown positive results for the test of catalase, nitrate reductase and mannitol-mobility. The results of the pyruvic acid derivatives appeared positive for the Voges Proskauer reaction and the two isolates show a positive response for the hydrolysis of starch, gelatin and casein. In contrast, strains B1 and B2 expressed negative hydrolysis test against the indole and the Simmons citrate, and strain-B2 had not hydrolyzed urea. Both strains showed growth after culture and incubation at 45 °C, contrary to the incubation at 55oC and 65 °C which showed negative results.
Isolates have all the cultural characteristics of the genus Bacillus already described by Brossard & Terry (1984) and Euzeby (2007) . The specific classification has helped join the two bacterial strains isolated from the ground of the Algerian Sahara to the genus Bacillus (Guiraud, 2003) . Partial sequencing confirms this affiliation with a very high similarity to Bacillus thuringiensis (NR_0434030). Indeed, the majority of bacteria of the genus Bacillus live in the soil or they persist with their spores. These are bacteria from land who derive their nutritional needs from an organic matter, nitrogen and minerals present in the soil (Brossard & Terry, 1984; Ashnaei et al., 2009) .
Phylogenetic analysis
The phylogenetic position of the two strains (Strain and Strain-B1-B2) is represented in a phylogenetic tree drawn by the neighbor joining method ( Figure  1 ). The bar represents one substitution per 100 nucleotides. Level nodes of the values indicate the probabilities calculated by bootstrap. The 16S rDNA sequences of the two strains were obtained with 760 and 1504 nucleotides and stored in the database EMBL / EBI under reference numbers HE799656 accessions and HE805963 for the strain B1 and B2, respectively. Sequence analysis of these two strains has shown they are related to organisms belonging to the family Bacillaceae. They are affiliated to the genus Bacillus showing very high sequence identity (99%) with the strains Bacillus thuringiensis (NR_043403), Bacillus cereus AM7 (JQ435684), Bacillus weihenstephanensis (NR_024697.1) and Bacillus mycoides (NR_036880). The two strains are in the same cluster as that of Bacillus thuringiensis (NR_043403) and Bacillus cereus AM7 (JQ435684). 
Evaluation of the toxicity of the bacteria on the larvae of L. migratoria Effect on Mortality
Within L5 larvae treated with Bacillus sp. strain-B1 (HE799656) (Figure  2 ), mortality reached 100% after 12 days after treatment at the high dose D1 and at 21 days after treatment at the intermediate dose D2 and finally 90% mortality obtained the same day after treatment with low doses D3. Similarly, mortality rates ranging from 86.67% after treatment with high dose to 70% after treatment medium and low dose of Bacillus sp. strain-B2 (HE805963) are achieved after 22 days (Figure 3) . Analysis of variance revealed a very highly significant difference at 5% level (P <0.0001) between the control batch and the treated batch by both tested bacteria. Similarly, the Tukey test revealed significant differences for all combinations. Bacillus sp. strain-B1 (HE799656) at doses D1 =1.6 mg/ml, D2 = 0.59mg/ml, D3=0.33 mg/ml.
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Figure 3: Cumulative daily mortality rate of L5 larvae of L. migratoriat reated with Bacillus sp. strain-B2 (HE805963) at doses D1= 1,67 mg/ml, D2=0,62 mg/ml, D3=0,35 mg/ml.
In the light of results, and for this parameter, it appears that larvae are influenced by our two bacterial strains. This action is faster with the strain bacillus sp. Strain-b1 (he799656) compared with bacillus sp. Strain-b2 (he805963). The terms of mortality vary between 12 and 22 days. This can be attributed to the mode of action of the majority of the genus bacillus bacteria which act by releasing toxins that demand special conditions or by the conditions of the intestinal environment of crickets that do not fit the growth and bacterial multiplication which requires a relatively long time adaptation (greathead et al., 1994; lacey et al., 2001) . Indeed, the use of b. Subtilis, b. Thuringiensis and b. Larvae against larvae schistocerca gregaria, showed 90% mortality, 80% and 70% achieved after 16 days in l4. However, pseudomonas aeruginosa has caused total mortality after 4 days (mohand-kaci & doumandji-mitiche, 2006) .
Finally, in a recent study, the effects of acute toxicity from topical application of growth regulators on three locusta migratoria var. Manilensis were evaluated in laboratory conditions with a recorded mortality rate of 97% for flufenoxuron, 100% for azadirachtin and 48% for pyriproxyfen (bi zhen et al., 2012) .
Calculation of tl 50 and lc 50 Thus, the lethal time for 50% of individuals varies on the bacteria and the bacterial concentrations administered (figure 4). The l5 larvae of l. Migratoria processed by bacillus sp. Strain-b1 (he799656) presented the lowest lt50 with a value of 3.32 days recorded at the high dose, 9.12 days for the middle dose and 13.37 days for the low dose. They are followed by l5 larvae treated by bacillus sp. Strain-b2 (he805963) with 9.19 days for the high dose, 12.94 days for the intermediate dose and13.87 days for the low dose.
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Calculation of tl 50 and lc 50 Thus, the lethal time for 50% of individuals varies on the bacteria and the bacterial concentrations administered (figure 4). The l5 larvae of l. Migratoria processed by bacillus sp. Strain-b1 (he799656) presented the lowest lt50 with a value of 3.32 days recorded at the high dose, 9.12 days for the middle dose and 13.37 days for the low dose. They are followed by l5 larvae treated by bacillus sp. Strain-b2 (he805963) The comparison of LC50 obtained for mortality observation time for 5, 7 and 14 days after treatment shows that the LC50 is closely related with time; it varies depending on the tested bacterial strain ( Figure 5) . Indeed, the lowest LC50 are obtained at the 14th day with 0,37mg/ ml and0.62 mg/ ml for the strains Bacillus sp. strain-B1 (HE799656) and Bacillus sp. strain-B2 (HE805963). The higher LC 50 are recorded on the 5th day with values of 1.37 and 2.87 mg/ml. Furthermore, if one compares the lethal dose by ingestion of the different tested strains, we can see that the strain Bacillus sp. Strain-B1 (HE799656) shows considerably more effective and fast reaction than others. It presents the LC50, the lowest in all tested times (5, 7and 14 days after treatment). Our results agree with those of Ould El Hadj et al. (2006) which recorded a 7,5 days TL50 for L5 larvae Schistocerca gregaria treated with Neem, 8.2 days to 10.4 days for Melia and Eucalyptus. In addition, comparison of the sensitivity of Locusta migratoria to a commercial product and a local strain of Metarhizium showed that the latter has a higher activity with a pathogenic TL 50 of 7.1 days (Niassy et al., 2011) . Gry et al. (1966) notes that the calculation of lethal doses determines the dose of the insecticide to be applied to the insect to obtain the desired percentage of mortality, allowing to judge accurately the insecticide product's power. The mortality rate in adult females of the mite Tetranychus urticae increased with increasing the concentration of conidia of two strains of entomopathogenic fungi and the most virulent against the mite was Paecilomycis fumosoroseus, having the lowest value of LC50 (9.1 × 10 4 conidia/ml) and LT50 (4.58 days to 1 × 10 8 conidia/ml) followed by Verticillium lecanii with an LC50 (1.7 × 10 6 conidia / ml) and LT50 5.45 days 1 × 10 8 conidia / ml (Amjad et al., 2012) .
CONCLUSIONS
In conclusion, despite the proven value of these biological control agents, it appears that they are not much used. Yet they seem to offer the best prospects for biological controls, especially those that can be formulated to be multiplied and spread like biopesticides, particularly during locust control campaigns where they help reducing the outbreak mass.
